INTRODUCTION
Quantum theory tells us electrons have certain properties such as spin. Any type of angular momentum, including spin, can be coupled with a magnetic field. Such a coupling, along with microwave spectroscopy, can be used to study specific attributes of certain types of materials. This phenomenon is exploited in electron spin resonance (ESR) microwave spectroscopy. Among the materials that can be studied are the paramagnetic materials such as DPPH. Using ESR microwave spectroscopy, physical variables such as the magnetic field and resonant frequency are directly measured in order to calculate the so-called Lande g-factor. We aimed to measure the latter observables, and computed the Lande g-factor. This will be discussed in the following paragraphs.
THEORY
Maxwell's equations tell us that moving charges produce magnetic fields. From the quantized orbital angular momentum and spin of an electron we see quantized magnetic moments. When an external field is applied, we get, from Russell-Saunders coupling, a new magnetic moment of
where
is the Lande g-factor and
For a free electron we have J = S and g = 2. Subbing in we see that
Now
Energy level splitting seen due to the coupling of the electron spin with an external magnetic field and the z projection of spin can be either
We need a population difference to observe an effect, and the rate of transition is proportional to the population of the different energy states. The presence of an alternating magnetic field will exert a torque on our magnetic dipoles. This torque causes some of them to change orientation, and this what we mean by resonance. When we have an ensemble of electrons, Boltzmann statistics give us the populations of the different states.
When more electrons are raised in energy from this oscillating B field, we see the system absorbing power from an external radiation source. The oscillating magnetic field is necessary in order to provide a reservoir from which these states can be raised. For electrons in a molecular configuration we need to worry about spin-spin interactions. In some cases, paired spins negate each other and no effect is observed. That is why ESR microwave spectroscopy is essentially used to investigate paramagnetic materials, or those with an odd number of electrons. The electron levels of a molecular system are actually more complicated then discussed above due to effects like Stark splitting, spin orbit coupling, and Zeeman splitting. But in our simplified discussion these effects are ignored.
EXPERIMENTAL SETUP
Per the theory, we exposed a sample of α-diphenyl-β-picryl hydrazyl (DPPH) to microwave radiation, a large static magnetic field, and a small variable magnetic field. Waves from the sample and reference microwaves were combined in a magic tee and the outputs were observed. We expected to observe a dip in power when the static magnetic field was brought to the proper resonance value.
The setup used a Varian X-13 klystron powered by a Hewlett-Packard 716B power supply as the source of our microwave radiation. These waves flowed to a reference arm and an experimental arm, either of which could be closed. The reference arm was composed of an attenuator, crystal detector, phase shifter and reference cavity. The experimental arm contained an attenuator and phase shifter, a magic tee with detectors at the end of each arm, a wavemeter, and a tunable short. The sample arm consisted of an electromagnet powered by a variable current supply. Between the plates there was a smaller electromagnet that provided the variable oscillating magnetic field controlled by an external phase shifter and in be- tween the plates of that magnet we had our sample cavity. This fed to a phase shifter and a variable attenuator that fed back into the experimental arm (cf. fig. 2 ). Finally, an oscilloscope was used to monitor signal levels at the various detectors.
The Magic tee is a four port device that combines and amplifies signals. One port guides an incoming reference wave from the klystron, and another guides the wave from the sample cavity. In the third arm, the different waves are added while, in the fourth arm, they are subtracted. These manipulations allow an increase in the signal strength depending on the phase of the respective waves.
The sample material, DPPH, was chosen for its strong absorption of microwaves and its almost free spin electrons.Theoretically, this gives us s ≈ 1 2 and a g ≈ 2.
RESULTS
By only opening the reference arm with a preset Klystron mode, the Klystron frequency was found by observing a sharp decrease in current. The reference cavity was then tuned by centering the latter dip on the peek of the Klystron mode. Then, the Klystron was switched from a step wave to a continuous wave and the attenuator going to the reference arm was closed. After that, the experimental arm was opened and the maximum power seen from arms three and four of the magic tee were equalized. The variable attenuator was set to 40% and the resonant frequency was found by minimizing the signal from the detector above the wavemeter. We measured a resonant frequency of 8.867GHz ± .0025GHz.
A sample of DDPH was inserted in the sample cavity. After switching both constant and oscillating magnetic fields on, and setting the latter field to 40 Hz, we searched for the magnetic field at which resonance occurred. This was done by varying the current responsible for the constant magnetic field.
We did not observe the expected dip on the oscilloscope on a DC setting, but when looking at Vp-p(1) on a HP 54600A oscilloscope, we saw an esoteric value of 31.25 mV, which was outside the typically encountered values of 25.00 mV and 18.75 mV, only within the static magnetic field range of 3.12 -3.18 kG. Outside of the latter magnetic field interval, no unusual effects in the signal were detected.
We also attempted to look at our signal using different oscilloscope settings. We looked all the way down to the 10 mV voltage scale for various time scales, in an attempt to see small changes in the signal. Moreover, we physically moved the sample within the cavity to get a better alignment. Also, we looked at the signal on AC settings instead of DC. That allowed us to see the small noise oscillations outside of the large line shifts, changes in noise resolution, and direction of motion from shifting the sample. However, we did not see any anomalous effects for any particular magnetic field magnitude. Finally, we shifted the phase of our sample signal, and varied the variable attenuator to 14%, and to 80%, values on either side of the open spectrum, in order to better amplify the line. No effect appeared.
After that, we varied our phase generator frequency. We attempted settings of 37 Hz and 43 Hz, close to the suggested value of 40 Hz. No change was seen. We greatly changed the frequency to 4 Hz and 400 Hz, neither of which allowed us to observe a dip in the signal. To ascertain if we were actually getting an oscillating field of sufficient magnitude we turned off the large static field and observed an alternating field varying between 26 and 34 G. We could increase this with the function generator to a field varying between 5 and 45 G. We swept the large constant field once more using the larger range of oscillations and still saw no effect.
The measured value of the resonant magnetic field was 3.15kG ± 0.03kG. By inserting field strength and the resonant frequency found earlier into equation (8), a value of g = 2.011 ± .02
was calculated. This corresponds to the theoretical value of g = 2 for DPPH. This result comes from the one anomalous observation noted earlier. Therefore, it can not be considered a conclusive result.
CONCLUSION
Electron spin resonance microwave spectroscopy allows us to investigate properties of paramagnetic materials, including the calculation of the Lande g-factor. The particular sample we looked at was DPPH, due to its strong microwave absorption and its almost free spin electrons.
We found a peculiar reading that indicated resonance at a magnetic field of 3.15kG ± 0.03kG. This, along with an observed resonance frequency of 8.867GHz ± .0025GHz, gave us a calculated Lande g-factor of g = 2.011 ± .02. This result is inconclusive because the expected dip on the oscilloscope was never directly observed despite a variety of adjustments to the experimental setup.
Due to our inconclusive results for DPPH, we did not manage to study the magnetic resonance for other samples such as copper sulfate (Cu 2 SO 4 or manganese chloride (M nCl 2 ).
